Abstract-We present a silicon photonics integrated circuit to efficiently couple scattered light into a single mode waveguide. By modulating the phase of N light-capturing elements, the collection efficiency can be increased by a factor N.
I. INTRODUCTION
As photonic integration is advancing, more specialized applications can make use of its benefits. One of the key features of photonic integrated circuits is the interface between the outside world. In biological applications, one is often interested in collecting (back-)scattered light that has traveled through tissue to do e.g. Doppler velocimetry [I] , Optical Coherence To mography (OCT) [2] or Raman spectroscopy [3] . Efficient light collection is one of the key elements here.
We propose to use an integrated probe on a silicon chip so that signal processing can happen immediately where the signal is picked up. This reduces the noise and other artifacts that are present in e.g. fiber probes [3] . An approach to integrate a probe for efficient collection of scattered light on the silicon oxynitride waveguide platform has been shown in [4] . A phase-retrieval integrated circuit is proposed here which consists of an array of light-capturing elements. The phase of these elements can be tuned so that everything adds up coherently into a single mode waveguide after which further processing can happen on-chip.
II. DESIGN AND FABRICATION
Light is coupled into the chip using grating couplers. These are optimized to couple light into the fundamental TE-Iike mode of an integrated waveguide. Depolarization effects are not taken into account here. Grating couplers have proven to be an efficient way to couple light between a fiber and an optical integrated circuit [5] . Here they are used as 'optical antennas' to couple between free-space and the integrated circuit. When one uses one large grating coupler to couple scattered light on-chip, the phase distortion due to the scattering will reduce the coupling efficiency dramatically when tapering to a single mode waveguide. By splitting up the large grating coupler in multiple small grating couplers and tuning their respective phases, the light can be more efficiently guided into a single mode waveguide.
The integrated probe was fabricated at imec using standard CMOS technology steps including deep-UV (Ultra Violet) lithography [6] 
III. THEORETICAL MODELING
A biological medium can be modeled as a random Gaussian medium with a certain correlation length leoh which is a measure for the size of the particles. At first instance, we neglect the amplitude variations, and only phase fluctuations are taken into account using an electromagnetic approach. The phase fluctuation of a plane wave propagating through such a medium can then be calculated [7] . In Fig. 2 ..\ = 1550nm. Fig. 3(a) shows us that there is a large fluctuation on the received power, but when phase compensation is used, the probability that the received signal is extremely low is reduced and the average received signal is increased with a factor of 6dB (N=4) due to the coherent superposition of the different elements (Fig. 3 (b». When leah is small, the phase fluctuation is small and rapid as seen in Fig. 2 and compensating for the phase has no effect when using 41-lm wide grating couplers. Only for leah > 500nm, we can see a distinct effect. 
IV. MEASUREMENT RESULTS
Light from a tunable laser is guided through a polarization controller to a fiber collimator with a l/e2 diameter of 7mm 
